A spatial description of climatic changes along circumpolar regions is presented based on larch tree-ring width (TRW) index, latewood density (MXD), d O ice core record from Greenland (GISP2). Correlation analysis showed a strong positive relationships between TRW, MXD, stable isotope chronologies and June, July air temperatures for TAY and YAK, while the precipitation signal was reflected differently in tree-ring parameters and stable isotope data for the studied sites. Negative correlations were found between July, August precipitation from TAY and stable isotopes and MXD, while May, July precipitations are reflected in MXD and stable isotopes for the YAK. No significant relationships were found between TRW and precipitation for TAY and YAK. The areas of significant correlations between July gridded temperatures and TRW, MXD and stable isotopes show widespread dimension from east to west for YAK and from north to south for TAY. The climate signal is stronger expressed in whole wood than in cellulose for both Siberian regions. The comparison analysis between d 13 C cellulose chronologies from FIN and TAY revealed a similar declining trend over recent decades, which could be explained by the physiological effect of the increasing atmospheric CO 2 . TRW, MXD and d 
Introduction
The instrumental data show a temperature increase during the last 100 years for many regions along circumpolar northern latitudes (ACIA, 2005; IPCC, 2007) . The magnitude of temperature obtained from instrumental data is higher than shown in reconstructed models obtained from different indirect sources of paleoclimate information such as ice core, lake sediments and tree rings (IPCC, 2007; D'Arrigo et al., 2008) . It is therefore important to establish new proxy series to increase the reliability of the reconstructed climate signal. Of these proxies, tree-ring chronologies (width, density and stable isotopes) allow to reconstruct temperature with temporal resolution up to 1 year for several millennia Naurzbaev et al., 2002; McCarroll & Loader, 2004; Sidorova et al., 2008) .
As well known, trees growing at the northern tree line in the permafrost zones are very sensitive to climate changes due to limiting temperature regimes Briffa et al., 2001) . The tree-ring width and tree-ring density therefore provide summer temperature information, but relatively little is known about precipitation changes. However, under low amounts of precipitations and relatively warm and dry conditions trees respond to limited water resources by reducing stomatal conductance, resulting in a diminished intercellular CO 2 concentration. This leads to a reduced 13 C discrimination (Farquhar et al., 1989) and increased d
18
O values (Farquhar & Lloyd, 1993) . Oxygen isotopes in tree rings are mainly influenced by the isotope signal in precipitation (Craig, 1961) , which represents the source water for trees. Enrichment in d
O occurs in the needles/leaf during transpiration, which may be enhanced under drought conditions (Yakir & Sternberg, 2000) . A mixed signal of source and needle water enrichment is finally stored in the wood and cellulose of the tree rings (Saurer et al., 1997; Roden & Ehleringer, 2000) . The stable isotope chronologies (d 13 
C, d
18 O) obtained from the Siberian north thus show significant relationships not only with temperature (like tree-ring parameters) but also with precipitation (unlike tree-ring parameters) (Sidorova et al., 2008) . Most of the Siberian sites are covered by permafrost, which plays a key role in the stabilization of the climatic system (ACIA, 2005) . The d
18
O signal could be weak in the year-to-year variability due to the complex soil hydrology causing an increased water availability from permafrost thawing and mixing of winter precipitation and summer rainfall (Boike et al., 1998; Sugimoto et al., 2002) . However, it is possible to expect strong long-term signals connected with annual precipitation and atmospheric circulation patterns (Hurrell, 1995; Welker et al., 2005) . The application of the stable isotope analysis in combination with classical dendrochronology is steadily increasing because stable isotopes provide complementary information about climatic variabilities (McCarroll & Pawellek, 2001; Saurer et al., 2002; McCarroll & Loader, 2004; Gagen et al., 2006; Skomarkova et al., 2006; Kirdyanov et al., 2008; Sidorova et al., 2008) .
In this paper, we report about the response of larch trees to climatic changes on the eastern Taimyr (Russia) (TAY) during the last century using tree-ring width, latewood density and stable isotope wood and cellulose (d 13 C, d
18 O) chronologies. For investigating large-scale climate patterns and common signals between subarctic regions we used tree-ring and stable isotope chronologies from north-eastern Yakutia (Sakcha Republic) (YAK) Sidorova et al., 2008) , d 13 C cellulose series from Finland (FIN) (Gagen et al., 2007 (Gagen et al., , 2008 and Greenland ice core data (GISP 2) (Meese et al., 1994) . Moreover, we analyzed the influence of North Atlantic Oscillation (NAO) patterns on tree-ring parameters and stable isotope chronologies from the studied Siberian sites. The use of different proxy data will improve our understanding of factors influencing on growth of conifer trees in the northern regions and allow to build high quality climate reconstructions into the past.
Materials and methods

Study site and sample collection
Discs samples from living larch trees (Larix gmelinii Rupr.) were collected on the eastern part of Taimyr Peninsula, Hatanga region, Kotuy valley (70138 0 N-103121 0 E) (TAY) (Fig. 1) . The samples were taken at a height of 1.3 m in the north-eastern slope of the plateau, 300 m a.s.l. The distance between the trees was 5-8 m.
The soil was covered with a moss layer of 4-5 cm.
The land surface of the study site is characterized by coarse rocks on continues permafrost layer. The maximal depth of permafrost thawing is 40 cm in the middle of August. The climate is extra continental with short vegetation seasons (up to 90 days), which could be variable due to date of snow melt and initiation of cambial activity (Abaimov et al., 1997; . The tree growth on the studied site is limited by June and July air temperature (Vaganov et al., 1996; Abaimov et al., 1997; Naurzbaev et al., 2002) . The warmest month in the studied region is July with an average air temperature up to 12.6 1C. The average amount of annual precipitation is 278 mm for the period of . Most part of the precipitation falls in JulyAugust. The mean annual temperature is À12.8 1C. Five-day averages of air temperature from weather stations 'Chokurdach' and 'Hatanga' were used for detailed analyses for comparisons with isotope chronologies. The data were available for the period 1945-1989. For the analysis of spatial patterns we used gridded July air temperature (GJT) data 2.11 Â 0.51, Po10% for the period 1901-2001. Data from NAO indices were obtained from the Climatic Research Unit site, http:/ /www.cru.uea. ac.uk/cru/data/nao.htm, for the period 1821-2000. The NAO is one of the Northern Hemisphere's major multiannual climate fluctuations and traditionally defined as the normalized pressure difference between a station on the Azores and one on Iceland. An extended version of the index can be derived for the winter half using a station in the southwestern part of the Iberian Peninsula (Hurrell, 1995) .
Climatic data
Hamming smoothing (Blackman & Tukey, 1958) with 11-year window was used for revealing long-term climatic signals between all chronologies.
Compared sites
To reveal common climatic signals along the subarctic we used available stable isotope (d 13 C, d
18 O), tree-ring width and latewood density chronologies obtained for the north-eastern Yakutia, Sakcha Republic (701N-1481E) (YAK) Kirdyanov et al., 2008; Sidorova et al., 2008) , a d 13 C cellulose chronology from northern Finland (FIN) (Gagen et al., 2007 (Gagen et al., , 2008 M. H. Gagen, personal communication) and a d
18
O ice core chronology from Greenland (GISP2) (Meese et al., 1994) (Fig. 1) . The ice core data (GISP2 -Greenland Ice Sheet Project 2; 72160 0 N-38150 0 W, 3200 m a.s.l.) were obtained from the web site http:/ / www.ncdc.noaa.gov/paleo/icecore/greenland/summit/document/gispisot.htm
Dendrochronological analysis
Tree-ring widths were measured using semiautomatic devices with accuracy 0.01 mm for 20 living trees for the period 1846-2006. Cross-dating of samples and statistical calculations were carried out in standard dendrochronological software (TSAP, DPL, ARSTAN) (Cook & Kairiukstis, 1990) . These trees were added to the treering width chronology constructed by Naurzbaev et al. Fig. 1 Location of the study site in eastern Taimyr, Russia (TAY) and sites, which were used for comparative analyses of stable isotope, tree-ring width and late wood density chronologies from the Sakcha Republic, north-eastern Yakutia, Russia (YAK) Kirdyanov et al., 2008; Sidorova et al., 2008) ; d 13 C of cellulose chronology is from Laanila, northern Finland (FIN) (Gagen et al., 2007 (Gagen et al., , 2008 and d
18
O chronology from Greenland ice core (GISP2). (2002) . This combined chronology was used for the further analysis. The measurement of maximum latewood density was carried out using densitometer DENDRO 2003 at the Swiss Federal Institute of Snow Landscape and Avalanches, WSL (Sidorova, 2004) . The maximum latewood density chronology was built using eight cores of living trees for the period 1717-2000. Based on high coherence and statistical relationships the late wood density chronology from eastern Taimyr (Kotuy), the chronology was combined with latewood chronologies obtained by Schweingruber (1996) for the same region.
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The stable isotope analysis
For the stable isotope analysis of TAY site we selected four trees, which were analyzed separately for the O isotopic ratios in whole wood and cellulose for the period 1900-2006. The mean age of trees used for the stable isotope analysis was 160 years. The first 50 rings closest to the pith were excluded from analyses due to the juvenile effect (McCarroll & Loader, 2004; Gagen et al., 2008; Sidorova et al., 2008) . The resin from the wood samples was extracted in ethanol using a Soxhlet apparatus over 36 h and after that the samples were washed and dried. The whole wood samples were split with annual resolution and milled to a fine powder. Samples of cellulose after extraction (Loader et al., 1997) were weighed into tin capsules for analysis.
We determined the d
13
C and d
18
O values for whole wood and cellulose using a delta-S mass spectrometer (Finnigan MAT, Bremen, Germany) Table 1a ), while the TRW chronology shows significant correlations only with the isotope ratios of whole wood. The correlation coefficients indicate a high synchronicity between whole wood and cellulose for carbon as well as for oxygen isotopes (Table 1a) .
Tree-ring width, maximum density and stable isotope chronologies from north-eastern Yakutia
We calculated correlation coefficients between TRW from earlier studies , MXD Sidorova et al., 2008) and d
C and d
18 O in whole wood and cellulose (Sidorova et al., 2008) from YAK for the period 1900-2001 (Table 1b ). The correlation analysis showed similar relationships between TRW, MXD and stable isotope chronologies as they were found for TAY (Table 1a ), but we did not find significant correlations between TRW and stable isotope chronologies (Table 1b ). Significant correlations were observed only between smoothed TRW and d 13 C whole wood and cellulose chronologies (r 5 0.29 and 0.35; Po0.05), respectively. The correlation coefficients between wood and cellulose from YAK are high for carbon as well for oxygen ( 
Climatological analysis
Monthly and annual temperature and precipitation data. The range of mean temperature and precipitation for the closest weather stations 'Hatanga' (TAY) and 'Chokurdach' (YAK) are presented for the common period from 1929 to 2003 (Table 2) . We split the analyzed period to equal parts with the goal to reveal changes or similarities in the data sets for the beginning and the end of 20th century. The June air temperature changed in TAY less than in YAK when comparing the last 37 years to the earlier period, while the July air temperature was relatively constant for both regions. The temperature of August 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 shows a higher increase for Taimyr than for north-eastern Yakutia. Also annual air temperatures are increased for the period 1966-2003 in comparison with 1929-1966, up to 0.53 1C for YAK and 0.24 1C for TAY. In contrast, the amount of annual precipitations shows increasing trends for the last 37 years for both sites, while July precipitation increases only for YAK (Table 2) . We calculated simple Pearson's correlation coefficients between all tree-ring parameters and monthly temperature and precipitation data from TAY ( Fig. 3a) and YAK (Fig. 3b) for the period 1929-2001. Mainly, June and July air temperatures show positive significant correlations with radial tree growth, latewood density and stable isotopes for both sites (Fig. 3a, b) . The cellulose and whole wood d 13 C chronologies show negative significant correlations with July and August precipitation (Fig. 3a) . The MXD chronology from TAY also shows negative significant correlations with precipitation of July and August (Fig. 3a) , which was not observed in the YAK MXD chronology (Fig. 3b) . Negative correlations were found when relating autumn temperatures of the previous years and spring temperatures of current years with tree-ring width and latewood density. A negative correlation was also found between temperature of February and carbon isotope values (À0.30 for cellulose and À0.29 for whole wood) (Fig. 3a) . In contrast, we found positive significant correlation between the temperature of February and d
18
O of cellulose for north-eastern Yakutia (Fig. 3b) . Regarding annual temperatures, the correlations to d 13 C of whole wood and cellulose from north-eastern Yakutia were weak but statistically significant (r 5 0.21; Po0.05).
Negative correlations with annual precipitation were found for tree-ring width (r 5À0.30; Po0.05), maximum density (r 5À0.33; Po0.05) and d Five-day average temperature data. For revealing differences and/or similarities in the responses of trees from two Siberian sites at the beginning of the growth Level of significance is Po0.05. Only significant correlation coefficients are presented. Table 2 Monthly and annual temperature and precipitation data of the investigated sites (only months shown, which are significantly correlated with tree-ring parameters and stable isotope chronologies) season we calculated correlation coefficients between all tree-ring parameters and pentad temperatures (Fig. 4a, b) . We observed positive significant correlations with treering width, latewood density,
O of whole wood and cellulose for eastern Taimyr (Fig. 4a ) and significant correlations for all these parameters for north-eastern Yakutia except for d
O of whole wood and cellulose (Fig. 4b) . We found that tree-ring width reflects the temperature signal at the end of June and beginning of July for eastern Taimyr and at the beginning of June for north-eastern Yakutia confirming this date as the earliest start of tree radial growth in the eastern part of Siberia. The maximum latewood density shows significant correlations from the middle of June till middle of August for both regions (Fig. 4b) . These relationships show that the end of the growing season is approximately at the same time for both regions but the beginning is at different times. The d 13 C of whole wood and cellulose significantly correlated from the middle of June till the middle of August for TAY (Fig. 4a) , while for YAK from the end of June to the beginning of August (Fig. 4b) . eastern Taimyr shows an earliest response with temperatures at the end of May till the beginning of July, d
O of cellulose shows a late response from the end of June till middle of July (Fig. 4a) . On the other hand, we did not find any significant correlation between d Comparison between eastern Taimyr and north-eastern Yakutia. We observed significant negative correlations between the chronologies from Taimyr (TAY) and north-eastern Yakutia (YAK) regarding tree-ring width, latewood density and d
13
C of whole wood. For TRW, negative correlations were found in year-to-year variability for the period 1900-2004 (r 5À0.30) and 1945-2004 (r 5À0.39) as well as in 11-year smoothed chronologies (r 5À0.40 and À0.55) for both periods respectively (Fig. 5a ). These negative relationships were also found between smoothed latewood chronologies from TAY and YAK for 1900-2001 and 1945-2001 (r 5À0.23 and À0.37; Po0.05), respectively (Fig. 5d) . The d 13 C whole wood chronologies from both analyzed regions showed weak negative correlations between each other (r 5À0.21; Po0.05) (Fig. 5b) , whereas we found no significant correlations between the d 13 C cellulose chronologies (Fig. 5c ). 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 the smoothed chronologies (r 5 0.32; Po0.05) (Fig. 5f ). Both oxygen isotope chronologies in cellulose show increasing trends after 1930. We did not find any significant correlations between d
18 O whole wood chronologies of the two regions, although the trends were similar (Fig. 5e ).
Spatial patterns (north-eastern Yakutia, eastern Taimyr and northern Finland). Using tree-ring width index, latewood density, stable isotope chronologies from TAY and YAK we calculated correlation coefficients with GJT within the coordinates 20-1501E and 50-801N for the period 1901-2002 (Fig. 6 ). The diagram of spatial dimension of TRW for YAK and TAY (Fig. 6a, g ) shows the areas of significant correlation coefficients around analyzed regions. Higher correlation coefficients and larger areas of their distributions are found for MXD (Fig. 6b, h ). From the diagram we can see differences in the temperature response between TAY and YAK. In our climatological analysis we revealed that June is the determining month for tree growth in YAK and July for TAY. The spatial patterns of correlations confirm these differences. d 13 C of whole wood and cellulose from YAK ( Fig. 6c, d ) show high correlations with GJT in comparison with TRW ( Fig. 6a ) and show widespread dimension along the Eurasian north. The GJT and d 13 C of whole wood and cellulose from TAY show negative correlation coefficients with YAK (r 5À0.5; Po10%) (Fig. 6i, j) . The areas of significant relationships between carbon and GJT are smaller than for oxygen, which cover large distances from north to south (Fig. 6k,  l) . The d
18
O of wood and cellulose from YAK shows lower correlation coefficients and covers a smaller area in comparison with d 13 C (Fig. 6e, f) . The negative relationship between d 13 C of whole wood and GJT is higher for cellulose and very widespread for YAK, partly reaching to FIN (Fig. 6c) . Also the d 13 C cellulose chronology obtained from Taimyr shows a higher correlation with GJT than wood (Fig. 6j) . The oxygen isotope signals obtained from YAK trees show widespread negative patterns toward the West Siberian Lowland and the Kola Peninsula (Fig. 6e, f) .
Stable isotope chronologies along the subarctic circle (northeastern Yakutia, eastern Taimyr, northern Finland and Greenland). As mentioned above, we did not find any significant correlations between d
13
C of TAY and YAK cellulose chronologies. However, we found significant correlations between cellulose d 13 C chronologies from Taimyr and northern Finland (Gagen et al., 2007) (Fig. 7) . The showed common climatic signals along the subarctic circle. We found a high coherence and a statistically significant relationship (r 5 0.80; Po0.05) between GISP2 and YAK for the period 1900-1986 for smoothed chronologies (Fig. 8) , whereas the d
18
O cellulose chronology from Taimyr showed a very different pattern.
The NAO signature in the tree-ring parameters of northern Siberian larch trees. The tree-ring index chronologies from TAY and YAK show opposite patterns compared with NAO of February (Fig. 9a) . Negative correlations to NAO were found for smoothed tree-ring width index chronology, latewood density and d (Table 3 ). During the positive phase of NAO after the 1980s we observed negative tree-ring index, late wood density (Fig. 9b) and carbon ( Fig. 9c) patterns for both regions, while for oxygen we found positive correlations and overlapping (synchronous) patterns with NAO (Fig. 9d) .
Discussion
Seasonality
Based on tree-ring width and stable isotope analysis we found that in the eastern part of Siberia (YAK) the tree growth season starts earlier than in north-central Siberia (TAY). Previous studies showed that seasonality in these regions is dominated by the variability of snow melt and strongly depends on the spring temperatures, which therefore play an important role in starting tree growth forming (Abaimov et al., 1997; . Recently, numerous papers reported about shifting vegetation seasons to the earlier periods in northern regions due to a warming trend Briffa et al., 2001) . In contrast to the tree-ring width records, the signal obtained from the whole wood d 18 O Taimyr chronology indicated an even earlier temperature response of trees already at the end of May. This relationship could indicate the beginning of snow melt and root physiological activity in this region as soon as temperatures are 40 1C (Vaganov et al., 1996; Abaimov et al., 1997) . However, the d 18 O whole wood and cellulose chronologies from north-eastern Yakutia did not show any significant response indicated by 5 days average temperature data. Possible explanation of this could be the complex soil hydrology. Even in the beginning of the growth season when temperature of June is the most important factor for tree growth the soil is still frozen and the snow cover in this region is minimal in comparison with eastern Taimyr. Our results show that the combination of ring width and stable isotopes allows to better analyze the onset of tree physiological activity and the changes in environmental conditions that are required for tree growth to start.
Drought/CO 2 saturation
According to weather station data for the last 37 years the amount of June and July precipitation was slightly decreasing for TAY and slightly increasing for YAK. Decreasing precipitation during the analyzed period for TAY and along with a slight annual temperature increase, could lead to deeper thawing of permafrost and to hardly freezing soil back (Boike et al., 1998; Euskirchen et al., 2006) . In line with the lower amount of available water and higher temperature in TAY, the -26 -24 -22 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 O of cellulose after 1970s could indicate a reduction in photosynthetic capacity and stomatal conductance and development of a drought situation based on isotope fractionation theory (Scheidegger et al., 2000) . A similar conclusion was recently drawn for a somewhat less northern site (641N) also in central Siberia, where strong isotope trends over the 20th century were observed (Sidorova et al., 2009) . In addition to the changes in climatic conditions, also the influence of increasing atmospheric CO 2 has to be considered. The limited access to nutrients in the permafrost region suggests strongly a CO 2 saturation of these trees. As the photosynthetic capacity can no longer be enhanced the intercellular CO 2 concentration will increase along with the ambient CO 2 . Thus the D 13 CO 2 discrimination will increase with increasing CO 2 concentration resulting in a continuous decrease of d for the second half of the 20th century. Arneth et al. (2002) explained the trend by tree responses to increasing atmospheric CO 2 concentration and increasing water use efficiency due to increasing soil water deficit and declining air humidity.
Year
Trends over recent decades/wood and cellulose
Declining trends for the last decades, in d
13
C of cellulose were not only found in eastern Taimyr, but also in Finland, even after d 13 C correction for the atmospheric CO 2 , showing a possibly wide-spread phenomenon (McCarroll et al., 2009) . Similarly, declining trends in tree growth have been reported for many areas which could be explained by (a) drought stress (Barber et al., 2000; Wilmking et al., 2005; Sidorova et al., 2008) , (b) timedependent responses to recent warming (increasing temperature and CO 2 ) (Briffa et al., 1998) , (c) delayed snow melt and (d) seasonality changes (Skomarkova et al., 2006 carried out for the northern region for the first time show an opposite pattern to the whole wood. The reason for these differences could be explained by changes in the composition of different wood constituents (e.g. cellulose/lignin ratio, sucrose, starch) (Sidorova et al., 2008) , or in the composition differences of heart and sapwood (D'Alessandro et al., 2004) induced by climatic changes (temperature/precipitation) or elevated CO 2 . Differences between whole wood and cellulose up to 4% were found for oxygen for both analyzed Siberian regions (17.9% for wood and 21.34% for cellulose -TAY; 15.5% for wood and 19.06% for cellulose -YAK), respectively, where isotopic exchange with hydroxyl groups in metabolic reactions in needles and stems has to be considered (Sternberg et al., 1986; Saurer et al., 1997; Roden & Ehleringer, 2000) . The increasing d
18
O values from east to west can be explained by the latitude effect (Saurer et al., 2002) . The differences between whole wood and cellulose for carbon were up to 2% for TAY (À25.4 for wood and À23.76 for cellulose) and for YAK (À25.8 for wood and À24.05 for cellulose), respectively. For a better understanding of mechanisms causing these differences between d
O of whole wood and cellulose and different trends over time, the compound specific isotope analysis would be needed.
Spatial patterns in Siberia
We analyzed the spatial dimension of correlations between our site tree-ring and stable isotope data and temperature to get insight into the patterns of climate change (Fig. 6) . The climate in the vast territory of Fig. 6a , b, f, i, j, k). This same opposite behavior was observed for the temporal changes in ring width, density and d 13 C (Fig. 5 ),
indicating that relatively warm temperatures in one region are often occurring when temperatures in the other region are relatively cold. Opposite patterns of climate change as observed in our work challenge the wide-spread approach of averaging different chronologies for obtaining an Eurasian or even hemispheric temperature reconstruction, because the averaging will cancel out important regional differences in trends. This probably reflects changes in the atmospheric circulation that affect central and eastern Siberia differently. An earlier study showed an indirect link between tree-ring parameters from Eurasian north and the atmospheric circulation via the land temperature (Briffa et al., 2002) . The authors assumed that the relationship between proxy series and its local climate is stationary meaning that the response of surface climate to atmospheric circulation variations will not change. Further it was shown that the network of tree-ring density chronologies exhibits spatially coherent modes of variability and that they are closely matched with summer temperature variations, in terms of similar spatial patterns and temporal evolution during the instrumental period.
The improved results allow the reconstruction of the large-scale atmospheric circulation patterns that included precipitation-sensitive networks of tree-ring parameters around the Northern Hemisphere.
NAO
Changes in the Eurasian subarctic like temperature increase, thawing of permafrost, changes in seasonality (shifting of the beginning of the growth period) and changes in the amount of precipitations are linked to a positive phase of NAO (Hurrell, 1995; Boike et al., 1998; Serreze et al., 2000; Briffa et al., 2002; Stone et al., 2002; Sugimoto et al., 2002; Welker et al., 2005; Euskirchen et al., 2006) . The NAO is a large-scale mode of atmospheric circulation, which has positive and negative phases. The positive and negative phases of the NAO are defined by the differences in pressure between the persistent low over Greenland and Iceland and the persistent high off the coast of Portugal. That is, the low has a lower atmospheric pressure and the high has a higher atmospheric pressure. During a positive NAO, both systems are stronger than usual. During the negative phase of the NAO, both systems are weaker, lowering the difference in pressure between them. During a strong positive NAO index, the winds along this conduit pick up, and they push the storms toward Eurasian north with temperature increase and reduction/stability in precipitations, which are observed during the last 30 years (Hurrell, 1995; Serreze et al., 2000; Welker et al., 2005) . The negative phases are characterized by high atmospheric pressure and temperature decrease. The positive relationship, which was found between February temperature and d 18 O of cellulose for north-eastern Yakutia and the negative correlations between the temperature of February and d 13 C of wood and cellulose for eastern Taimyr, could also be explained by the influence of NAO.
Large scale
The correlation analysis, which was carried out along the circumpolar circle revealed high correlation coefficients between the d
18
O cellulose chronology from north-eastern Yakutia and Greenland ice core d
O data, two locations separated by thousands of kilometers. It is interesting to note that Greenland and YAK are almost on opposite points of the polar sea (see Fig. 1 ). Climatic connections over such large distances are a result of atmospheric circulation patterns controlling the precipitations (Welker et al., 2005) . The resulting temperature changes influence the freezing and thawing processes in the upper soil during several years. The different accessible sources of water (snow, rain and melting water) lead to an annual climatic signal similar to that accumulated in d
O of ice cores. The positive correlations between oxygen isotope data at north-eastern Yakutia with Greenland ice cores indicate similarities in the nature of lowfrequency temperature variability during the recent period in these two regions. The revised pattern was observed for eastern Taimyr and accordingly no significant correlation was found for the recent period between these regions, in fact the temperature and precipitation patterns between eastern Taimyr and Greenland was opposite. The temperature signal reflected in TRW, MXD and stable isotope chronologies from both Siberian regions show widespread dimension patterns from east to west (latitude effect) and from north to south (longitude effect).
Conclusions
For obtaining the quantitative information about climatic changes in the past the use of multidisciplinary approach by analyzing multiproxy data as performed in this study is needed.
